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Abstract
In this article, we investigate the effect of full 7 sets of LHC ATLAS jet cross sections data at
√
s = 7 TeV on the proton parton distribution functions (PDFs) up to next-to-next-to-next-to-
leading order (NNNLO) or N3LO corrections. Phenomenologically, we define the proton central
PDFs in this perturbative Quantum Chromo Dynamics (pQCD) analysis based on the full seven
data sets from HERA I and II combined, which are the clearest data set for probing the internal
structure of the proton as a whole. We show adding the LHC ATLAS jet cross sections data
at
√
s = 7 TeV on the HERA I and II combined data reduces the error band of proton PDFs,
particularly reduces dramatically the uncertainties of the gluon xg(x,Q2) and charm xc(x,Q2)
distributions. Also we show adding the LHC ATLAS jet cross sections data at
√
s = 7 TeV on
the central proton PDFs improves the quality of the fit up to ∼ 1.53 %, ∼ 2.72 % and ∼ 2.80 %
corresponding to next-to-leading order (NLO), next-to-next-to leading order (N2LO) and N3LO,
respectively.
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I. INTRODUCTION
In the quark-parton model, the proton is found to be a complex dynamical system com-
posed of gluons, quarks and antiquarks, which are continuously interact with each other
within in the pQCD framework theory. The structure functions of proton in the quark-
parton model can be written as a convolution between hard scattering coefficients and PDFs,
which are calculable and non-calculable parts of QCD theory, respectively. The proton PDFs
as non-calculable parts of QCD theory are parametrized at an initial scale of Q20 and deter-
mined by fitting to the experimental data. More information about quark-parton model can
be found in Refs. [1–8].
The quark-parton model for deep inelastic e±p scattering is formulated in a special frame
where the proton has very high energy E ≫ mp referred to as the infinite momentum frame.
Accordingly, in the infinite momentum frame both the mass of the proton mp and any
component of the momentum of the struck quark pq transverse to the direction of motion
of the proton can be neglected. More details about infinite momentum can be found in
Refs. [9–20].
The proton PDFs reflect the underlying internal structure of the proton and at the present
time they cannot be determined from the first principles of pQCD theory. This is because
the strong coupling constant of the QCD theory has a large value αs ∼ O(1) and accordingly
the pQCD theory is not suitable to determine the proton PDFs from the first principles.
More information about the proton PDFs and proton structure functions can be found in
Refs. [21–32].
In this N3LO QCD analysis to extract the proton PDFs by fitting to experimental data,
we firstly parameterize the proton parton distributions at the starting scale of Q20 based on
the standard LHAPDF functional form style and then we evolve the parametrized PDFs
using the DGLAP collinear evolution equations [33].
To explore the internal structure of the proton and its quark-gluon dynamics as described
within the pQCD framework, we use full seven set of HERA run I and II combined data from
deep inelastic e±p scattering for neutral current (NC) and charged current (CC) reactions
as our central data sets [22]. Generally, in order to obtain more direct information about
the quark-gluon dynamics of the proton, combining data sets from different NC and CC
reactions play a central role [34–44].
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As previously mentioned, we first parametrize the proton PDFs based on the HERAPDF
standard functional form and then extract the proton central PDFs by fitting to HERA run
I and II combined data using DGLAP collinear evolution equations at the next-to-leading
order corrections. Then to obtain a direct constrain on the proton PDFs, particularly on the
gluon and charm distributions, we add the full seven set of LHC ATLAS jet cross sections
data at
√
s = 7 TeV [45] on the proton central PDFs up to N3LO corrections.
Within the quark-parton model at the pQCD level, we may obtain much more direct
information about quark and gluon content of the proton by global fit of available experi-
mental data from different NC and CC reactions at the DIS processes. The effect of LHC jet
data on MSTW and MMHT PDFs at NLO and NNLO using reweighting techniques have
been published in Refs. [46, 47]. In this article, we investigate the role and influence of 7
sets of LHC ATLAS jet cross sections data at
√
s = 7 TeV on the HERAPDF style PDFs
up to N3LO by full fit procedure to estimate the impact of these new data on the proton
PDFs.
The outline of this paper is as follows: In Sec. (II) we describe the theoretical framework
of deep inelastic e±p scattering for NC and CC reactions. We introduce the theoretical
framework for LHC ATLAS jet production cross sections in Sec. (III). In Sec. (IV) we
discuss about our QCD fit methodology and extract the proton PDFs. The QCD set-up and
minimization procedure have been discussed in Sec. (V). We conclude with a summery and
discussion in Sec. (VI).
II. THEORETICAL FRAMEWORK FOR DIS OF e±p SCATTERING
A combination of measurements of all inclusive deep inelastic e±p cross sections have
been recently published by HERA run I and II combined data for NC and CC reactions at
zero beam polarization [22]. A summary of full seven data sets of HERA I and II combined
data is presented in Table I where NDP refers to the number of data points.
The central proton PDFs of this pQCD analysis have been extracted by fitting to the
data sets in Table I.
The reduced NC and CC deep inelastic of e±p scattering cross sections are given in terms
of a linear combination of generalized proton structure functions as follows:
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Experiment NDP Ep Ee L e±
√
s Current Ref.
HERA I+II CC e+p 42 920 GeV 27.5 GeV ∼ 1 pb−1 e+ 318 GeV CC [22]
HERA I+II CC e−p 39 920 GeV 27.5 GeV ∼ 1 pb−1 e− 318 GeV CC [22]
HERA I+II NC e−p 159 920 GeV 27.5 GeV ∼ 1 pb−1 e− 318 GeV NC [22]
HERA I+II NC e+p 210 460 GeV 27.5 GeV ∼ 1 pb−1 e+ 225 GeV NC [22]
HERA I+II NC e+p 260 575 GeV 27.5 GeV ∼ 1 pb−1 e+ 251 GeV NC [22]
HERA I+II NC e+p 112 820 GeV 27.5 GeV 1 pb−1 e+ 318 GeV NC [22]
HERA I+II NC e+p 485 920 GeV 27.5 GeV ∼ 1 pb−1 e+ 318 GeV NC [22]
Table I: A summary of full seven data sets of HERA I and II combined.
σ±red,NC(x,Q
2) =
d2σe
±p
NC
dxdQ2
· Q
4x
2piα2(1 + (1− y)2) (1)
= F˜2(x,Q
2)∓ (1− (1− y)
2)
(1 + (1− y)2)xF˜3(x,Q
2)− y
2
(1 + (1− y)2) F˜L(x,Q
2) ,
and
σ±red,CC(x,Q
2) =
d2σe
±p
CC
dxdQ2
· 2pix
G2F
[
M2W +Q
2
M2W
]2
(2)
=
(1 + (1− y)2)
2
W±2 (x,Q
2)− (1− (1− y)
2)
2
xW±3 (x,Q
2)− y
2
2
W±L (x,Q
2) ,
where F˜2(x,Q
2), xF˜3(x,Q
2) and F˜L(x,Q
2) are the generalized proton structure functions
corresponding to NC reactions and W±2 (x,Q
2), xW±3 (x,Q
2) and W±L (x,Q
2) are the gener-
alized proton structure functions corresponding to CC reactions. More details can be found
in Ref. [48].
It should be noted that in this pQCD analysis we perform four different fits entitled:
HNLO, HANLO, HAN2LO and HAN3LO so that in throughout of this article the words
HNLO, HANLO, HAN2LO and HAN3LO refer as follows:
• HNLO: HERA I and II combined data at the NLO corrections.
• HANLO: HERA I and II combined data plus LHC ATLAS inclusive jet production
cross sections data sets at the NLO corrections.
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• HAN2LO: HERA I and II combined data plus LHC ATLAS inclusive jet production
cross sections data sets at the N2LO corrections.
• HAN3LO: HERA I and II combined data plus LHC ATLAS inclusive jet production
cross sections data sets at the N2LO corrections.
Fig. 1 shows the NC deep inelastic e±p scattering reduced cross sections σred as a function
of x and comparison consistency between theory of DIS and experimental data without
(HNLO) and with inclusion of LHC ATLAS jet production cross section data (HANLO,
HAN2LO and HAN3LO).
The double differential cross sections for NC and CC reactions, d
2σNC
dxdy
and d
2σCC
dxdy
, which
we use in this pQCD analysis are as follows:
d2σNC
dxdy
=
G2F
16pi
[
M2Z
Q2 +M2Z
]2 {
Y+W
NC
2 (x,Q
2)± Y−xWNC3 (x,Q2)− y2WNCL (x,Q2)
}
, (3)
d2σCC
dxdy
=
G2F
4pi
[
M2W
Q2 +M2W
]2 {
Y+W
CC
2 (x,Q
2)± Y−xWCC3 (x,Q2)− y2WCCL (x,Q2)
}
, (4)
where as before GF denotes the Fermi constant and Y± = 1± (1− y)2.
In Fig. 2, we show the double differential cross sections for CC reaction d
2σCC
dxdy
as a function
of x and comparison the consistency between the theory of DIS and experimental data
without (HNLO) and with inclusion of LHC ATLAS jet production cross sections data
(HANLO, HAN2LO and HAN3LO).
III. THEORETICAL FRAMEWORK FOR THE LHC ATLAS JET PRODUCTION
CROSS SECTIONS
The LHC ATLAS inclusive jet production cross sections data have been provided in
proton-proton collision with a total integrated luminosity of L = 37 pb−1 at a centre-of-
mass energy of
√
s = 7 TeV. LHC ATLAS inclusive jet production cross sections data
were measured using jets clustered with two radius parameters R = 0.4 and R = 0.6 [45].
Phenomenologically, we cannot use both R = 0.4 and R = 0.6 at the same time. Accordingly,
in this pQCD analysis we use only full seven LHC ATLAS inclusive jet production cross
sections data corresponding to radius parameter R = 0.6.
Table II shows a summary of full seven LHC ATLAS inclusive jet production cross sections
data corresponding to R = 0.6 radius parameter.
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Figure 1: The NC deep inelastic e±p scattering reduced cross sections σred as a function of x and
comparison the consistency between the theory of DIS and experimental data without (HNLO) and
with inclusion of LHC ATLAS jet production cross section data (HANLO, HAN2LO and HAN3LO).
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Figure 2: The double differential cross sections for CC reaction d
2σCC
dxdy
as a function of x and
comparison the consistency between the theory of DIS and experimental data without (HNLO)
and with inclusion of LHC ATLAS jet production cross sections data (HANLO, HAN2LO and
HAN3LO).
Experiment NDP parameters inelasticity L √s Ref.
LHC ATLAS Jet data 0.0 16 R = 0.6 | y |< 0.3 37 pb−1 7 TeV [45]
LHC ATLAS Jet data 0.3 16 R = 0.6 | y |< 0.8 37 pb−1 7 TeV [45]
LHC ATLAS Jet data 0.8 16 R = 0.6 | y |< 1.2 37 pb−1 7 TeV [45]
LHC ATLAS Jet data 1.2 15 R = 0.6 | y |< 2.1 37 pb−1 7 TeV [45]
LHC ATLAS Jet data 2.1 12 R = 0.6 | y |< 2.8 37 pb−1 7 TeV [45]
LHC ATLAS Jet data 2.8 9 R = 0.6 | y |< 3.6 37 pb−1 7 TeV [45]
LHC ATLAS Jet data 3.6 6 R = 0.6 | y |< 4.4 37 pb−1 7 TeV [45]
Table II: A summary of full seven LHC ATLAS inclusive jet production cross sections data.
The inclusive jet double-differential cross-sections d2σjet/dpTdy is defined as a function
of jet high transverse momentum pT in bins of rapidity y. The normalized jet production
cross sections are defined as a ratio of differential inclusive jet to the differential NC cross
section (
σjet
σNC
) in a given Q2 bin , multiplied by the respective bin width W in the case of a
double differential measurement as follows:
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Figure 3: The double differential LHC ATLAS inclusive jet production cross sections data corre-
sponding to three different HANLO, HAN2LO and HAN3LO pQCD analysis
.
σjet
σNC
(
Q2, pT
)
=
d2σjet/dQ
2 dpT
dσNC/dQ2
·W (pT ) . (5)
The kinematic range of LHC ATLAS inclusive jet production cross sections measurement
is 20 ≤ pT ≤ 430 GeV corresponding to rapidity −4.4 < y < +4.4.
Also, we may define the inclusive jet double-differential cross-sections in terms of the
invariant cross-sections as follows:
1
2pipT
d2σjet
dpTdy
= E
d3σjet
dp3
, (6)
where p and E refer to the momentum and energy of the jet, respectively.
Fig. 3 shows the double differential LHC ATLAS inclusive jet production cross sections
data corresponding to three different HANLO, HAN2LO and HAN3LO pQCD analysis.
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IV. FITTING AND PROTON PDFS
As previously mentioned, we parameterized the proton PDFs based on the standard
functional form:
xf(x) = AxB(1− x)CPl(x) , (7)
where Pl(x) is a kind of polynomial function that interpolates between the low and high
x regions. Based on the standard functional form the HERAPDF style can be introduced
by
xf(x) = AxB(1− x)C(1 +Dx+ Ex2) . (8)
Using the HERAPDF style, we may parametrize the valence distribution xuv and xdv as
follows:
xuv(x) = Auvx
Buv (1− x)Cuv (1 + Euvx2) , (9)
xdv(x) = Advx
Bdv (1− x)Cdv . (10)
We set the evolution starting scale at Q20 = 1.9 GeV
2 and then we evolve the parametrized
proton PDFs based on the DGLAP collinear evolution by QCDNUM package as a powerful
and very fast QCD evolution program written in FORTRAN77 [49]. As we previously
mentioned in the quark-parton model, the proton is found to be a complex dynamical system
composed of gluons, quarks and antiquarks, which are continuously interact with each other
and the quark evolution is highly sensitive to the gluon content of the proton.
Although at the small value of Bjorken scaling x the evolution of quark is dramatically
driven by the gluon, but at high and moderate values of x the internal structure of the
proton dominated by the non-singlet valence quark distributions.
In Fig. (4) we illustrate the sensitivity of d-valence and d-valence ratio to inclusion of LHC
ATLAS jet production cross sections data corresponding to four different HNLO, HANLO,
HAN2LO and HAN3LO analysis at Q2 = 3, 5 and 8 GeV2.
The xU¯(x) and xD¯(x) are u-type and d-type sea distributions, respectively and they
defined as: xU¯(x) = xu¯(x) and xD¯(x) = xd¯(x) + xs¯(x). In the HERAPDF style the
parametric form of u-type and d-type sea distributions are as follows:
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Figure 4: The sensitivity of d-valence and d-valence ratio to inclusion of the LHC ATLAS jet pro-
duction cross sections data corresponding to four different HNLO, HANLO, HAN2LO and HAN3LO
analysis
.
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xU¯(x) = AU¯x
BU¯ (1− x)CU¯ (1 +DU¯x) , (11)
xD¯(x) = AD¯x
BD¯(1− x)CD¯ . (12)
Fig. (5) shows the sensitivity of dv − uv ratios and U¯ ratios to inclusion of the LHC
ATLAS jet production cross sections data corresponding to four different HNLO, HANLO,
HAN2LO and HAN3LO analysis at Q2 = 100, 6464 and 8317 GeV2.
Based on the HERAPDF style, we may write the gluon distribution xg(x) at the first
step as follows:
xg(x) = Agx
Bg(1− x)Cg . (13)
However in order to control the xg(x) behavior at low x it is better to extend the Eq. (13)
to the following form:
xg(x) = Agx
Bg(1− x)Cg −A′gxB
′
g(1− x)C′g . (14)
Really, the extra term A′gx
B′g(1 − x)C′g makes the gluon distribution xg(x) more flexible
at low values of x. In addition in this pQCD analysis the parameter C ′g is fixed to C
′
g = 25
to ensure a positive gluon density at large values of Bjorken scaling x.
Fig. (6) shows the impact of inclusion of the LHC ATLAS jet production cross sections
data on the HERA run I and II combined data as our central proton PDFs for gluon and its
ratio distributions corresponding to four different HNLO, HANLO, HAN2LO and HAN3LO
analysis at the starting scale of Q20 = 1.9 GeV
2 and Q2 = 5 and 8 GeV2.
In Fig. (7) we illustrate the impact of inclusion of the LHC ATLAS jet production
cross sections data on the HERA run I and II combined data as our central proton PDFs
for xc(x,Q2) and its ratio distributions corresponding to four different HNLO, HANLO,
HAN2LO and HAN3LO analysis at Q2 = 3, 5, 8, 100, 6464 and 8317 GeV2.
V. QCD SET-UP AND MINIMIZATION
The proton PDFs are phenomenologically extracted from QCD fits by a measure of the
agreement between experimental data and the QCD theory models. To develop this pQCD
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analysis we use the following initial QCD set-up and packages:
• QCD framework: We use xFitter version 2.0.0 as a very powerful an open source
QCD fit framework which has been designed to extract proton PDFs and assess the
impact of new data [50–57].
• QCD evolution: We parametrize the proton PDFs based on the HRAPDF style
and evolve the parametrized PDFs from starting scale of Q20 = 1.9 GeV
2 based on the
DGLAP collinear evolution equations using QCDNUM package version 17−01/14 [49].
• Fast convolution calculations: We use the hoppet code package version 1.2.0 [58]
and APPLgrid C++ code package version 1.5.35 as a fast and flexible approach to
reproduce the results of full NLO calculations with input proton PDFs [59].
• Cuts on x and Q2 variables: To get the best quality of the converge fit, we use the
following QCD cut-off on the x and Q2 variables:
– For NC e±p scattering: 10−6 ≤ x ≤ 1.0 and 3.5 ≤ Q2 ≤ 106 GeV2.
– For CC e±p scattering: 10−6 ≤ x ≤ 1.0 and 3.5 ≤ Q2 ≤ 106 GeV2.
• Minimization: As we mentioned, the χ2-function is a measure of the agreement
between experimental data and the QCD theory models. To include of systematic
and statistical uncertainties into the χ2-function definition there are some different
approaches, however the correlated systematic uncertainties can be kept separately.
We use the following χ2-function definition to include of correlated and uncorrelated
errors:
χ2 =
Npts∑
j=1
(
Dj +
∑Ncorr
k=1 rkσ
corr
k,j − Tj
σuncorrj
)
+
Ncorr∑
k=1
r2k , (15)
where Dj is jth data point, rk is the size of the shifts for each source of systematic
uncertainty, σcorrk,j is the correlated errors, Tj is the theory prediction and σ
uncorr
j is
the uncorrelated errors. The minimization procedure of this pQCD N3LO analysis
has been done based on the standard MINUIT-minimization program [60] with 14
unknown fit parameters in HERAPDF style functional form.
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Based on our QCD set-up and minimization procedure, we determine the numerical values
of 14 unknown fit parameters as illustrated in Table III.
Numerical values of 14 fit parameters
PARAMETER HNLO HANLO HAN2LO HAN3LO
Buv 0.730 ± 0.042 0.685 ± 0.030 0.797 ± 0.028 0.774 ± 0.029
Cuv 4.827 ± 0.083 4.827 ± 0.076 4.768 ± 0.081 4.705 ± 0.079
Euv 13.1 ± 2.0 14.9± 1.8 10.0 ± 1.3 10.4 ± 1.3
Bdv 0.83 ± 0.13 0.833 ± 0.084 1.003 ± 0.091 0.960 ± 0.083
Cdv 4.21 ± 0.40 4.29 ± 0.35 4.88 ± 0.38 4.69± 0.33
CU¯ 8.90 ± 0.76 7.61 ± 0.71 6.6± 1.3 7.09± 0.97
DU¯ 17.6 ± 3.1 11.2± 2.0 2.3± 1.8 6.2± 1.7
AD¯ 0.156 ± 0.010 0.1697 ± 0.0091 0.2448 ± 0.0098 0.1870 ± 0.0072
BD¯ −0.1760 ± 0.0076 −0.1593 ± 0.0065 −0.1290 ± 0.0049 −0.1632 ± 0.0046
CD¯ 4.0± 1.9 6.2 ± 1.1 8.9± 2.0 6.8± 1.1
Bg −0.069 ± 0.075 −0.051 ± 0.066 −0.065 ± 0.047 −0.150 ± 0.039
Cg 12.3 ± 1.0 7.81 ± 0.62 6.43 ± 0.54 7.49± 0.51
A′g 2.89 ± 0.49 0.49 ± 0.13 0.217 ± 0.058 1.167 ± 0.093
B′g −0.142 ± 0.062 −0.277 ± 0.033 −0.360 ± 0.029 −0.257 ± 0.024
Table III: The numerical values of 14 fit parameters corresponding to four different HNLO, HANLO,
HAN2LO and HAN3LO pQCD analysis.
Table (IV) shows the experimental data, correlated χ2 and partial χ2 per degree of free-
dom (dof) for each experiment corresponding to four different HNLO, HANLO, HAN2LO
and HAN3LO pQCD analysis.
As we mentioned, our central proton PDFs are extracted in HNLO QCD analysis by
fitting with HERA I and II combined data. In order to estimate the quality of the fit due to
inclusion of the LHC ATLAS jet cross sections data, we compare the relative improvement of
the quality of the fit corresponding to three different QCD HANLO, HAN2LO and HAN3LO
QCD analysis with HNLO analysis as our main QCD fit for extracting the central proton
PDFs.
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Global fit based on four different HNLO, HANLO, HAN2LO and HAN3LO analysis
EXPERIMENT HNLO HANLO HAN2LO HAN3LO
HERA I+II CC e+p [22] 44 / 39 49 / 39 47 / 39 45 / 39
HERA I+II CC e−p [22] 50 / 42 49 / 42 51 / 42 49 / 42
HERA I+II NC e−p [22] 221 / 159 221 / 159 219 / 159 216 / 159
HERA I+II NC e+p 460 [22] 210 / 204 211 / 204 212 / 204 213 / 204
HERA I+II NC e+p 575 [22] 212 / 254 217 / 254 213 / 254 215 / 254
HERA I+II NC e+p 820 [22] 65 / 70 67 / 70 64 / 70 67 / 70
HERA I+II NC e+p 920 [22] 418 / 377 439 / 377 427 / 377 425 / 377
LHC ATLAS Jet data 0.0 [45] - 15 / 16 15 / 16 15 / 16
LHC ATLAS Jet data 0.3 [45] - 9.3 / 16 6.5 / 16 8.8 / 16
LHC ATLAS Jet data 0.8 [45] - 9.4 / 16 6.8 / 16 8.1 / 16
LHC ATLAS Jet data 1.2 [45] - 8.0 / 15 7.4 / 15 7.7 / 15
LHC ATLAS Jet data 2.1 [45] - 6.8 / 12 6.9 / 12 6.8 / 12
LHC ATLAS Jet data 2.8 [45] - 1.8 / 9 1.7 / 9 1.9 / 9
LHC ATLAS Jet data 3.6 [45] - 0.85 / 6 0.80 / 6 0.78 / 6
Correlated χ2 111 111 119 117
χ2Total
dof
1331
1131
1415
1221
1397
1221
1396
1221
Table IV: Experimental data, correlated χ2 and partial χ2 per degree of freedom (dof) for each ex-
periment corresponding to four different HNLO, HANLO, HAN2LO and HAN3LO pQCD analysis.
Table (V) shows a comparison between χ
2
Total
dof
, the QCD quality of the fit and relative im-
provement in the quality of the fit corresponding to four different HNLO, HANLO, HAN2LO
and HAN3LO pQCD analysis.
VI. SUMMERY AND DISCUSSION
• From point of view of quark-parton model, we may obtain much more direct informa-
tion about quark and gluon content of the proton by global fit of available experimental
data from different NC and CC reactions at the DIS level experiments.
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QCD analysis
χ2Total
dof
fit-quality relative improvement
HANLO 1415
1221
1.158
|χ2HANLO−χ
2
HNLO|
χ2
HNLO
= |1.158−1.176|
1.176
∼ 1.53 %
HAN2LO 1397
1221
1.144
|χ2
HAN2LO
−χ2
HNLO
|
χ2
HNLO
= |1.144−1.176|
1.176
∼ 2.72 %
HN3LO 1396
1221
1.143
|χ2HAN3LO−χ
2
HNLO|
χ2
HNLO
= |1.143−1.176|
1.176
∼ 2.80 %
Table V: Comparison the relative improvement of the quality of the fit corresponding to three
different QCD HANLO, HAN2LO and HAN3LO pQCD analysis with HNLO analysis as our main
QCD fit for extracting the central proton PDFs.
• Phenomenologically, we define the proton as a whole by extracting the proton PDFs
based on the HERA run I and II combined data (HNLO QCD analysis) and then we
take them into account as the central proton PDFs in our QCD analysis.
• We add the full seven set of the LHC ATLAS jet cross sections data at √s = 7 TeV
on the proton central PDFs to investigate the role and influence of these data on the
proton PDFs at the NLO, N2LO and N3LO corrections.
• We find that inclusion of the the LHC ATLAS jet cross sections data on the central
proton PDFs reduces the error band of proton PDFs, particularly reduces dramati-
cally the uncertainties of gluon xg(x,Q2) and charm xc(x,Q2) distributions (HANLO,
HAN2LO and HAN3LO QCD analysis).
• We find that adding the LHC ATLAS jet cross sections data on the central proton
PDFs improves the quality of the fit up to ∼ 1.53 %, ∼ 2.72 % and ∼ 2.80 % corre-
sponding to NLO, N2LO and N3LO QCD analysis, respectively.
• According to the Figs. (4) - (7), the best improvements in the uncertainty of the proton
PDFs are corresponding to the HAN3LO QCD analysis.
• According to the Table (V), the best improvement in the quality of the fit is up to
∼ 2.80 % corresponding to HAN3LO QCD analysis.
• Standard LHAPDF files corresponding to HNLO, HANLO, HAN2LO and HAN3LO
QCD analysis are available for the fast QCD analysis based on the profiling and
reweighting techniques and can be obtain from authors via e-mail.
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